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CANCEL CLAIMS 





34. In combination for use in a system providing signals 5 

having individual ones of a plurality of analog levels to fi, 

represent information and Including a hub and a computer O 

displaced from the hub and including a plurality of twisted S 
pairs of wires extending between the hub and the computer, *s ® 

one of the twisted pairs of wires providing only for the C 

transmission of the signals from the computer to the bub* a ■§ 

second one of the twisted pairs of wires providing only for 
the reception at die computer of die signals from the hob, 
third and fourth ones of the twistedpairs of wires selectively 
providing for the transmission of the signals torn the 
computer to die hub and the reception at the computer of the 
signals from the hub, 

first means responsive at the computer to the signals 
received at (he second, third and fourth ones of the 
twisted pairs for providing a digital conversion of such 
signals at a particular value of frequency, 

timing recovery means responsive at the computer to the 
digital conversions from the first means for regulating 
at the particular value the frequency of the digital 
conversions by the first means, and 

digital adaptive equalizer means responsive at the com- 
puter to the signals from the first means for selecting 
individual ones of the analog levels closest in magni- 
tude to the digital conversions from the first means. 
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35. In a combination as set forth Is claim 34, 

second means responsive at the computer to the received 
signals for providing an automatic gain control of such 
signals and for introducing such signals to the first 
means, and 

third means responsive at the computer to the digital 
conversions from the first means far regulating the gain 

of the signals from the second means at a particular 
value, 

the digital adaptive equalizer means being responsive to 
the digital conversions from the first means for select- 
ing the individual ones of the analog levels closest In 
magnitude to the digital conversions from the first 
means. 

36. In a combination as set forth in claim 34, 

second means responsive at the computer to the rignals 
from die digital adaptive equalizer means for recover- 
ing the information represented by the analog levels 
Selected by the digital adaptive equalizer means. 

37* In a combination as set forth in claim 34* 
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the received signals being lit die form of packets each 
including a plurality of timing signals in a preamble at 
the beginning of such packet and fo^wW np data, sfanals 
after the preamble, and 

the timing recovery means including second means 
responsive to the timing signals in each packet for 
regulating at the particular value the frequency at which 
the first means provides a digital conversion of the 
signals received at the computer, 

38. Id a co mbination as set forth in claim 34, 

the received signals being m the form of packets each 
including a plurality of timing signals at the beginning 
of such packet and including data signals after the 
preamble, 

the timing recovery means Including second means 
responsive to the timing signals in each packet for 
regulating at the particular value the frequency at which 
the first means provides the digital conversion of the 
data signals recei ved at the computer in each packet* 
and 

ihird means respond ve to the analog levels selected by the 
digital adaptive equalizer means for the data signals in 
each packet for recovering the data represented by such 
selected analog levels. 
39* In a combination as set forth in daim 35, 
the received signals being in the form of packets 
including a plurality of timing signals at the beginning 
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of such packet and including data signals after the 
preamble* 

the tinting recovery means including fourth means 
responsive to the timing signals in each packet for 
regu! aling at the particular value the frequency at which 
the first means provides a digital conversion of the 
signals received at the computer in each packet, and 

filth means responsive to the analog levels selected by the 
digital adaptive equalizer means in each packet for 
recovering the data represented by such selected analog 
levels. 

40. In a combination as set forth in claim 38, 
fifth means disposed at the computer for regulating at the 
particular value, in accordance with the pattern of 
successive ones of the signals in each packet, the 
frequency at which the first means provides a digital 
ion of the signals received at the computet 



Add the following new claims: 




14$, An apparatus iha t iaM^ted to be coupled to at least one pdr of twisted wire& 
that carry a muM'Ievel. signal, comprising: 

■m analog to digital converter for diptffl^piwertii^g the multilevel signal at 
a particular rate; 

a timing recovery circuit rcgulauog th$ particular ratea^whieh aatd analog 
to digital converter conv$rt$ the multi-level signal; and. 
7 a digital adaptive equaliser for receiving' the digitally converted m«ffi*te^ 

■8 i^ndtas^ of levels? 
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146. The apparatus of claim 145, further comprising an automatic gain control circuit 
coupled to said analog to digital converter* <* 

147. The apparatusof claim 145, further comprising a decoder circuit coupJcd to said 
digital adoptive equalizer. - 

148* The apparatus of claim 14?. further comprising a media access controller 
coupled to said decoder circuit 

149. The apparatus of claim 145, wherein said digital adaptive equalizer includes a 
feedforward equalizer, a data slicer and n decision feedback equaliser. - • 

150. Tne apparatus of claim 145, wherein said timing recovery circuit regulates the 
particular rate in accordance with a product of a plurality of peak signal samples. « 

sf ~ 1$1 . An apparat u s^at is adapted to be coupled to at least one pair of twisted wires 
U that carry a multi-level signal trah^niued at a transmission rate of at least 25 megasymhols 
/ per second, comprising: 

/ an analog to digital convcrioYs^hafc Is responsive to the multi-level signal 

transmitted at the transmission rate of at least 2^ttejasymbols per second; 

a clock recovery circuit coupled to said anaibg^o digital converter; and, 
a digital adaptive equalizer coupled to said analogttHtoital converter. * 



6 



Kindly cancel claimr152-162. 

" 1631 (Amended) A method for recovering ap5uralily of analog levels defining 
information signals iransmitted on at least one pair of twisted wires comprising: 

converting the plurality of analog levels defining information signals to 
corresponding digital information signals at a particular rate; 

regulating the particular rate of conversion; and 

identifying one of the digital information signals with a level corresponding most 
closely to one of the plurality of analog levels defining information signals. 

164. {Amended) The method of claim 163, wherein tho particular rate is 
regulated in accordance with a product of a plurality of signal samples, 
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O « 165. The method of claim 163, wherein the particular rate is at least 25 metjasymbols 
§\ per second. »* 

165. {Amended} The method of claim 163, and further comprising decoding the . 

identified digital information signal. „ s 

Kindly add new claims 1^7^213 as follows: 

167, (New) An apparatus that is adapted to bo coupled to at least one pair of 

twisted wires that carry a plurality of analog levels defining information signals, 
comprising: 

a clock arranged to generate clock signals having a phase; 
an analog to digital converter arranged to convert the plurality of analog levels to 
corresponding Information digital signals in response to the clock signals; 

a timing recovery circuit arranged to shift the phase of ihe clock signals so that 
the time at which the analog to digital converter samples the analog levels is adjusted; 
and 

a digital adaptive equalizer arranged to receive the digital information signals and 
to identify one of the digital information signals with a level corresponding most closely 
to one of the plurality of analog levels defining information signals. 

168, (New) The apparatus of claim 167, further comprising an automatic gain 
control circuit coupled to said analog to digital converter. 

169, {New) The apparatus of claim 167, further comprising a decoder circuit 
coupled to said digital adaptive equalizer. 
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1 70. (New) The apparatus of claim 169, further comprising a media access 
controller coupled to said decoder circuit, 

171 . (New) The apparatus of claim 167, wherein said digital adaptive equalizer 
includes a feedforward equalizer, a data slicer and a decision feedback equalizer. 

172. (New) The apparatus of claim 1G7> wherein said timing recovery circuit 
shifts the phase of the clock signals in accordance with a product of a plurality of signal 
samples. 

1 73. (New) The apparatus Of Claim 167, wherein the twisted wires further carry 
analog timing signals, wherein the analog to digital converter is arranged to convert the 
analog timing signal to corresponding timing digital signals in response to the clock 
signals, and wherein the timing recovery circuit is arranged to shift the phase of the 
clock signals in response to the timing digital signals. 

174. (New) The apparatus of claim 173 wherein the timing recovery circuit is 
arranged to shift the phase of the clock signals in response to both the timing digital 
signals and the information digital signals, 

175. (New) The apparalus of claim 167, wherein the plurality of analog levels 
defining information signals comprises more than two analog levels. 

1 76. {New} A method for recovering a plurality of analog levels defining 
information signals transmitted on at least one pair of twisted wires comprising; 

generating clock signals having a phase; 

converting the plurality of analog levels to corresponding digital information 
signals in response to the clock signals; 

shifting the phase of the clock signals so that the time at which the converting 
occurs is adjusted; and 
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identifying one of the digital information signals with a level corresponding most 
closely to one of the plurality of analog levels defining information signals. 

177. (New) The method of claim 176, wherein said shifting comprises shifting 
the phase of the clock signals in accordance with a product of a plurality of signal 
samples, 

1 78. (New) The method of claim 1 76 and further comprising decoding the 
identified digital information signals, 

179. (New) The method of claim 176, and further comprising a method of 
recovering analog timing signals wherein the converting also comprises converting the 
analog timing signals to corresponding timing: digital signals in response to the clock 
signals, and wherein the shifting comprises shifting the phase of the clock signals in 
response to the timing digital signals. 

180. (New) The method of claim 179 wherein the shifting comprises shifting the 
phase of the clock signals in response to both the timing digital signals and the 
information digital signals. 

1 81 . (New) The method of claim 1 76, wherein the plurality of analog levels 
defining information signals comprises more than two analog levels. 

1 82. (New) The apparatus of claim 1 45, wherein the twisted wires further carry 
analog timing signals, wherein the analog to digital converter is arranged to convert the 
analog riming signals to corresponding timing digital signals In response to the clock 
signals, and wherein timing recovery circuit is arranged to regulate the rate of the clock 
signals in response to the timing digital signals. 
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183. (New) The apparatus of claim 182 wherein the timing recovery circuit is 
arranged to regulate the rate of the clock signals in response to both the timing digital 
signals and the information digital signals. 

1 84. (New) The apparatus of claim 145 wherein the plurality of analog levels 

defining information signals comprises more than two analog levels. 

185. (New) The method of claim 163, and further cdmprising a method of 

recovering analog timing signals wherein the converting also comprises converting the 
analog timing signals to corresponding timing digital signals at the particular rate, and 
wherein the regulating comprises regulating the particular rate in response to the timing 
digital signals. 

1 86. (New) The method of claim 185 wherein the regulating comprises 
regulating the particular rate in response to both the timing digital signals and the 
information digital signals. 

1 87. (New) The method of claim 163 wherein the plurality of analog levels 
defining information signals comprises more than two analog levels. 

188. (New) An apparatus that is adapted to be coupled to at least one pair of 
twisted wires that carry a multi-level signal, comprising: 

an analog to digital converter for digitally converting the multilevel signal at a 
particular rate; 

a timing recovery circuit for regulating the particular rate at which said analog to 
digital converter converts the multilevel signal in accordance with a product of a 
plurality of peak signal samples; and, 
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a digital adaptive equalizer for receiving the digitally converted multi-level signal 
and identifying one of a plurality of levels. 

1 89. (New) An apparatus that is adapted to be coupled to at least one pair of 
twisted wires that carry a multi-level signal transmitted at a transmission rate of at least 
25 megasymbols per second, comprising: 

an analog to digital converter that is responsive to the multi-level signal 
transmitted at the transmission rate of at least 25 megasymbols per second; 

a clock recovery circuit coupled to said analog to digital converter that regulates 
the particular rate in accordance with a product of a plurality of peak signal samples; 
and, 

a digital adaptive equalizer coupled to said analog to digital converter. 

190. (New) An apparatus that is adapted to be coupled to at least one pair of 
twisted wires that carry a multi-level signal, comprising: 

an analog to digital converter operating at a particular rate; 

a clock recovery circuit coupled to said analog to digital converter that regulates 
the particular rate in accordance with a product of a plurality of peak signal samples; 
and, 

a digital adaptive equalizer coupled to said analog to digital converter. 
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191 , (New) A method for recovering a multi-level signal transmitted on at least 
one pair of twisted wires, comprising: 

converting the multilevel signal to a digital signal at a particular rate; 
regulating the particular rate of conversion in accordance with a product of a 
plurality of peak signal samples; 

equalizing the digital signal; and, 

identifying one of a plurality of levels based on the digital signal. 

1 92. (New) Apparatus adapted to be coupled to at least a twisted first wire pair 
enabling receipt of at least first, second and third discrete analog signal levels with 
different amplitudes representing information, a twisted second wire pair enabling 
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receipt of at least fourth, fifth and sixth discrete analog signal levels with different 

amplitudes representing information and a twisted third wire pair enabling receipt of at 
least seventh, eighth and ninth discrete analog signal levels with different amplitudes 
representing information, the analog signal levels being received one discrete signal 
level at a time, the apparatus comprising: 

an analog to digital converter arranged to convert the first discrete analog signal 
level to a corresponding digital first information signal, to convert the second discrete 
analog signal level to a corresponding digital second information signal, to convert the 
third discrete analog signal level to a corresponding digital third information signal, to 
convert the fourth analog signal level to a corresponding digital fourth information signal, 
to convert the f iflh discrete analog signal level to a corresponding digital fifth information 
signal, to convert the sixth discrete analog signal level to a corresponding digital sixth 
information signal, to convert the seventh discrete analog signal level to a 
corresponding digital seventh information signal, to convert the eighth discrete analog 
signal level to a corresponding digital eighth information signal and to convert the ninth 
discrete analog signal level to a corresponding digital ninth information signal; and 
circuitry arranged to individually identify each of the first, second, third, fourth, 
fifth, sixth, seventh, eighth and ninth discrete analog signal levels, to shift in time the 
first information signal relative to the first discrete analog signal level, to shift in time the 
second information signal relative to the second discrete analog signal level, to shift in 
time the third information signal relative to the third discrete analog signal level, to shift 
in time the fourth information signal relative to the fourth discrete analog signal level to 
shift in time the fifth information signal relative to the fifth discrete analog signal level, to 
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shift in time tha sixth information signal relative to the sixth discrete analog signal level, 
to shift in time the seventh information signal relative to the seventh discrete analog 
signal level, to shift in time the eighth information signal relative to the eighth discrete 
analog signal level and to shift in time the ninth information signal relative to the ninth 
discrete analog signal level 

1 93. (New) The apparatus of claim 1 92 wherein the analog to digital converter 
is arranged to convert the discrete analog signals levels to corresponding digital 
information signals at a particular rate and wherein the circuitry comprises a timing 

~A recovery circuit arranged to regulate the particular rate at which said analog to digital 

converter converts the discrete analog signal levels, 

1 94. {New) The apparatus of claim 1 93 wherein the circuitry comprises a digital 
adaptive equalizer arranged to identify the discrete analog signal level being received 
on each of tha wire pairs* 

1 95. (New) The apparatus of claim 1 94 and further comprising an automatic 
gain control circuit coupled to the analog to digital converter. 

1 98. (New) The apparatus of claim 194 and further comprising a decoder circuit 
coupled to the digital adaptive equalizer. 1 

1 97. (New) The apparatus of claim 1 95 and further comprising a media access 
controller coupled to said decoder circuit* 

1 9& (New) The apparatus of claim 1 94 wherein the digital adaptive equalizer 
includes a feedforward equalizer, a data slicer and a decision feedback equalizer. 
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199. (New) The apparatus of claim 1 94 wherein said timing recovery circuit 
regulates the particular rate in accordance with a product of a plurality of signal 
samples, 

200. (New) The apparatus of claim 1 92 and further comprising a clock arranged 
to generate dock signals having a phase and wherein the analog to digital converter is 
arranged to convert the discrete analog signal levels to the corresponding digital 
information digital signals in response to the clock signals and wherein the circuitry is 
arranged to shift the phase of the clock signals so that the time at which the analog to 
digital converter samples the discrete analog signal levels is adjusted. 

201 * (New) The apparatus of claim 200 wherein the circuitry shifts the phase of 
the dock signals in accordance with a product of a plurality of signal samples, 

202. (New) The apparatus of claim 200 where each of the wire pairs also 
enables receipt of timing discrete analog signal levels, wherein the analog to digital 
converter is arranged to convert the timing discrete analog signal levels to 
corresponding timing digital signals in response to the clock signals, and wherein the 
circuitry is arranged to shift the phase of the clock signals in response to the timing 
digital signals. 

203. (New) The apparatus of claim 202 wherein the circuitry is arranged to shift 
the phase of the clock signals in response to both the timing digital signals and the 
information digital signals* 

204. (New) In apparatus adapted to be coupled to at least a twisted first wire 
pair enabling receipt of at least first, second and third discrete analog signal levels with 
different amplitudes representing information, a twisted second wire pair enabling 
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receipt of at least fourth, fifth and sixth discrete analog signal levels with different 
amplitudes representing information and a twisted third wire pair enabling receipt of at 
least seventh, eighth and ninth discrete analog signal levels with different amplitudes 
representing information, the analog signal levels being received one discrete signal 
level at a time, a method of processing the received discrete analog signal levels 
comprising: 

converting the first discrete analog signal level to a corresponding digital first 
information signal; 

converting the second discrete analog signal level to a corresponding digital 
second information signal; 

converting the third discrete analog signal level to a corresponding digital third 
information signal; 

converting the fourth discrete analog signal level to a corresponding digital fourth 
information signal; 

converting the fifth discrete analog signal level to,a corresponding digital fifth 
information signal; 

converting the sixth discrete analog signal level to a corresponding digital sixth 
information signal; 

converting the seventh discrete analog signal level to a corresponding digital 
seventh information signal; 

converting the eighth discrete analog signal level to a corresponding digital 
eighth information signal; 
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converting the ninth discrete analog signal level to a corresponding digital ninth 
information signal; 

individually identifying each of the first, second, third, fourth, fifth, sixth, seventh, 
eighth and ninth discrete analog signal levels; 

shifting in time the first information signal relative to the first discrete analog 
signal level; 

shifting in time the second information signal relative to the second discrete 
analog signal level; 

shifting in time the third information signal relative to the third discrete analog 
signal level; 

shifting in time the fourth information signal relative to the fourth discrete analog 
signal level; 

shifting in time the fifth information signal relative to the fifth discrete analog 
signal level; 

shifting in time the sixth information signal relative to the sixth discrete analog 
signal level; 

shifting in time the seventh Information signal relative to the seventh discrete 
analog signal level; 

shifting in time the eighth information signal relative to the eighth discrete analog 
signal level; and 

shifting in lime the ninth in fern ration signal relative to the ninth discrate analog 
signal level 
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205. (New) The method of claim 204 wherein each of the converting steps 
comprises converting one of the discrete analog signals levels to a corresponding one 
of the information signals at a particular rate and further comprising regulating the 
particular rate. 

206. (New) The method of claim 205 wherein said regulating comprises 
regulating the particular rate in accordance with a product of a plurality of signal 
samples. 

207. (New) The method of claim 204 and further comprising controlling the gain 
of the each of the received discrete analog signal levels. 

208- (New) The method of claim 204 and further comprising decoding each of 
the digital information signals, 

209. (New) The method of claim 204 and further comprising controlling media 
access. 

21 0. (New) The method of claim 204 and further comprising generating clock 

signals having a phase and wherein each of the converting steps comprises converting 

one of the discrete analog signal levels to one of the corresponding digital information 
signals in response to the clock signals and wherein each of the shifting steps 

comprises shifting the phase of the clock signals so that the time at which the 

converting occurs is adjusted, 

21 1 ♦ (New) The method of claim 210 wherein the shifting comprises shifting the 
phase of the clock signals in accordance with a product of a plurality of signal samples. 

212. (New) The method of claim 210 wherein each of the wire pairs enables 
receipt of timing discrete analog signal levels, wherein the converting further comprises 
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converting the timing discrete analog signal levels to corresponding timing digital signals 

in response to the clock signals, and wherein the shifting further comprises shifting the 

phase of the clock signals in response to the timing digital signals. 

213. (New) The method of claim 212 wherein the shifting comprises shifting the 

phase of the clock signals in response to both the timing digital signals and the digital 

information signals, 

Please add the following claims: 

£14, (Nev ri A communication system for decoding signals havlrfa three or more 
analo g si gnal levels to represent information transmitted by a first cbmouter over a 
plurality of pairs of twisted wires to a second computer , said commuhication system 
including a transceiver comprising; ; 

a plurality of receivers and transmitters ope ratives coupled \o respective ones of 
said plurality of said pairs of twisted wi res, wherein each of said pturjtity of receive? 
comprises: 

* 

an analog to digital converter, < I 

i 

an automatic gain control circuit: and ! 

a digital adaptive equalizer, said equalizer further compri sing t a feed forward 
equalizer, a decision feedback equalizer, and a data slioer: ; 

wherein each of said analog to digital converters sampling said analog s ignal at a 
sampling rate., each of said automatic gain c ontrol circuits receiving flaid analog , sjflna! 
from one of said pairs of twisted wires and provV ^i T ; P ?t the '"out to a 

respective one of said analog to digrtal converte r*, and each of said equalizers 
pioducino recovered digital data from said sampled an alog signal provided at foe input 
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of said equalizer; and 

wherein said transceiver also includes a plurality of transmitters thgt 
simultaneously transmit three or more analag s ignal levels .to said first computer, oxgr 
said plurality of pairs of tv/ioted wires, 

215. (fMew) The system of claim 214, wherein said transceiver com bines said 
recovered data from each of said digital adaptive ■equali zers into a single recovered 
digital data .stream. 

216. fNewl The system of claim 215, wherein said single recovered data stream 
is Ethernet data, 

217. fNew) The system of claim 214, wherein said commun ication system is an 
Ethernet system, 

218> (New) The system of claim 214. wherein the digital d ata is Ethernet data 
with a data rate of at least 100 Mhos, 

219. (New) The system of claim 214. wherein each o f said equalizer Includes 
an adder that sums the cutout of if^pe^tive ones of said decision fee dback equalizers 
and said feed forward equalizers, . 

220. (New) The system of claim 219. wherein the digital d ata is Ethernet data, 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
■f FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCED) OR EXHIBITS) SUBMITTED ARE POOR QUALITY 

□ OTHER: . — 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



